Fluorescence spectroscopy has been used to study the interaction of T b s + (as a Ca2+ analog) with the purified ryanodine receptor (RyR)/Ca2+ release channel of skeletal muscle sarcoplasmic reticulum. T b s + replaces Ca2+ in both the high-and the low-affinity sites. Occupation of the low-affinity site (inhibitory), but not of the highaffinity Ca2+ binding site (activating), by T b 3 + results in a strong enhanced green fluorescence (at 543 nm) and in an inhibition of ryanodine binding. The T b 3 + concentrations required for half-maximal enhanced fluorescence and inhibition of ryanodine binding were: 22.5 2.5 (n = 4) and 22.3 3.1 (n = 2), respectively. T b 3 + appears to bind to the protein at two or more cooperative sites (n, = 2.4) and to dissociate from these sites with three different rate constants (K-,,' = 361 * 250 min" (n = 6); K-l,2 = 0.45 * 0.22 min" (n = 11); K-l,3 = 0.011 2 0.013 min" (n = 7). The enhancement in Tb3+ fluorescence is very fast ( K , >> 5 x lo5 m".min"), and it is quenched by EGTA, Las+, or Ca2+ addition. About 20% of the bound Tbs+ was not displaced by EGTAor Ca2+; suggesting its "occlusion" in the RyR. This is also reflected in the partially irreversible inhibition of ryanodine binding by Tb3+.
Fluorescence spectroscopy has been used to study the interaction of T b s + (as a Ca2+ analog) with the purified ryanodine receptor (RyR)/Ca2+ release channel of skeletal muscle sarcoplasmic reticulum. T b s + replaces Ca2+ in both the high-and the low-affinity sites. Occupation of the low-affinity site (inhibitory), but not of the highaffinity Ca2+ binding site (activating), by T b 3 + results in a strong enhanced green fluorescence (at 543 nm) and in an inhibition of ryanodine binding. The T b 3 + concentrations required for half-maximal enhanced fluorescence and inhibition of ryanodine binding were: 22.5 2.5 (n = 4) and 22.3 3.1 (n = 2), respectively. T b 3 + appears to bind to the protein at two or more cooperative sites (n, = 2.4) and to dissociate from these sites with three different rate constants (K-,, ' = 361 * 250 min" (n = 6); K-l,2 = 0.45 * 0. 22 min" (n = 11); K-l,3 = 0.011 2 0.013 min" (n = 7). The enhancement in Tb3+ fluorescence is very fast ( K , >> 5 x lo5 m".min"), and it is quenched by EGTA, Las+, or Ca2+ addition. About 20% of the bound Tbs+ was not displaced by EGTAor Ca2+; suggesting its "occlusion" in the RyR. This is also reflected in the partially irreversible inhibition of ryanodine binding by Tb3+.
Reconstitution of sarcoplasmic reticulum vesicles into a planar bilayer lipid membrane showed that the Ca2+ release channel was activated by submicromolar and inhibited by micromolar concentrations of T b 3 + and La3+. The Tb3+-activated channel showed an enhancement of the open dwell time of the channel.
The results suggest that RyWCa2+ release channel undergoes conformational changes due to T b 3 + binding to the low-affinity Ca2+ binding site, and this binding results in the closing of the Ca2+ release channel.
The ryanodine receptor (RyR)' of skeletal muscle sarcoplasmic reticulum (SR) membranes is a ryanodine-sensitive Ca2+ channel (1) (2) (3) (4) (5) . One of the physiologically important substances that modulates the gating of this channel is Ca2+ (1, 5 , 6) . Calcium has both activating and inactivating effects on Ca2+ basic research administered by the Israeli Academy of Science and * This research was supported in part by a grant from the fund for Humanities (to V. S. B.) and by National Institutes of Health Grant lR15GM44337-01 and a J. W. Fulbright Fellowship (to J. J. A,). A preliminary report was presented as an abstract ((1993) Biochem. SOC. Duns. 21, 2728). The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. Section 1734 solelv to indicate this fact. release from isolated vesicles (5-81, single channel activity (1-4) and on ryanodine binding (1, 9, 10) . Ryanodine binding to its receptor is absolutely dependent on Ca2+. According to the Ca2+ dependence, it is accepted that there are high-and lowaffinity Ca2' binding sites in PM and mM concentrations, respectively (9, 10)). The occupation of the low affinity Ca2+ binding site(s) resulted in inhibition of: ryanodine binding (9, lo), Ca2+ release from isolated SR vesicles (1, ll), and the activity of single channels reconstituted into planar bilayers (1, 12) . The fact that Ca2+, dependent on its concentration, could act as activator-inhibitor of the same process suggests the existence of two different binding sites which involved in the Ca2+ channel operation. Despite these observations, most of the details underlying the molecular aspects of activation and inactivation by Ca2+ are still to be clarified.
The primary amino acid sequence of the receptor protomer, as deduced from the cDNA sequence contains three regions, within residues 4253 and 4499, with some features of EF-hand structures, the basis for their prediction as high-affinity Ca2+ binding sites (13) . Recently (141, these three potential highaffinity Ca2+ binding sites were mapped to subregions lying between amino acids 4346 and 4529. Zorzato et al. (15) identified glutamate-rich sites as potential lower affinity Ca2+ binding sites, which were predicted to be myoplasmic. However, owing to considerable experimental difficulty in measuring Ca2+ binding to the RyR, there is still no information concerning the binding constant(s) and the stoichiometry of binding (e.g. number of sites per tetrameric receptor).
Trivalent lanthanides (Ln3+) are unique in that they have ionic radii, coordination geometry, and donor atom preference very similar to those of Ca2+ (16). Ln3+ have been used as Ca2+ analogs to probe Ca2+ binding sites of several proteins (17) . In some proteins, Ln3+ competitively inhibit the normal activity produced by Ca2+ , whereas other proteins demonstrate activation by either Ca2+ or Ln3+ (17, 20, 21) . Terbium effectively replaces calcium in several biological systems (22) (23) (24) . Tb3+ is a useful probe of protein structure since its fluorescence is greatly enhanced upon binding to proteins (25, 26) . Terbium binding may be followed directly by exciting the Tb3+ at 222 nm, or indirectly by exciting tyrosine (at 280 nm) or tryptophan (at 295 nm), and monitoring fluorescence resonance energy transfer to Tb3+. This results in a strong enhanced green fluorescence (17, 22, 23) . This fluorescence can serve as a sensitive probe of Ca" binding site(s).
In this study, T b 3 + fluorescence and single Ca2+ release channel activity are used to study the interaction of Tb3+ (as a Ca2+ analog) with the RylUCa2+ release channel of the skeletal muscle sarcoplasmic reticulum. and purified RyR (27 pg/ml) were prepared, and ryanodine binding was assayed in the presence of 1 M NaCl and no added Ca", in the absence and in the presence of the indicated cations as described under "Experimental Procedures." 0,0, A, and A indicate Ca", Gd3+, La3+, and Tb3+, respectively. A, ryanodine binding to SR, B, binding to purified receptor in the presence of 0.5 mg/ml phospholipids. Free Ca2+ concentrations were calculated with a computer program using the EGTA association constants reported by Fabiato (36) . ene glycol 600, bovine serum albumin, leupeptin, benzamidine, aprotinin, and soybean phosphatidylcholine (type IV-S) were obtained from Sigma.
EXPERIMENTAL PROCEDURES
[3H]Ryanodine (60 CVmmol) was purchased from DuPont NEN. Unlabeled ryanodine was obtained from Calbiochem. Lipids for bilayer reconstitution experiments were purchased from Avanti. LaC1, and TbC1, were dissolved in HC1 prior to pH adjustment to pH 6.8 with a MOPS solution.
Membrane Preparation-SR membranes were prepared from rabbit fast twitch skeletal muscle as described by Saito et al. (27) and according to the method of MacLennan (28) for all bilayer reconstitution experiments. These membranes show ryanodine binding activity and sensitivity to Tb3+ similar to that of the membranes isolated according to Saito et al. (27) . Protein concentration was determined by the method of Lowry et al. (29) .
Purification of the Ryanodine Receptor-RyR was purified by the spermine-agarose method (30) . In some experiments this was followed by a sucrose gradient purification (3) . Densitometric scanning and quantitation, using a Densitometer (Molecular Dynamics), of the protein bands in SDS-polyacrylamide gel electrophoresis (31) of the purified RyR preparations revealed that the RyR accounts for 90-95% of the total protein. Protein concentration of the purified receptor was determined by the method of Kaplan and Pedersen (32) using bovine serum albumin as a standard.
PHIRyanodine Binding-Unless otherwise specified, SR (0.5 mg/ml) or the purified RyR (2.5-70 pg/ml) was incubated with 20 n~ r3H]ryanodine in a solution containing either 0.2,0.5, or 1 M NaCl, and 20 mM MOPS, pH 7.4, and where indicated also 50 p CaCl,. After 2 h a t 30 "C the bound ryanodine was assayed by polyethylene glycol 600 precipitation (30) .
Fluorescence Measurements-Fluorescence measurements were carried out a t room temperature on a Hitachi-Perkin-Elmer MPF-2A spectrofluorimeter. Excitation was at 295 nm, and emission was measured at 500-560 nm, using slits with a 7.5-nm bandwidth, in the ratio mode of the instrument. Fluorescence emission spectra and fluorescence changes in Tb3+ bound to the RyR (2.5-16 pg/ml) in a solution containing 20 mM MOPS, pH 7.4, and 0.2,0.5, or 1 M NaCl were measured with matched cylindrical microcells of 5-mm internal diameter (0.4 ml).
The kinetics of fluorescence changes were measured in two cells containing RyR solution as above. In measurements of the association rate, EGTA (5 mM) was added to one cell, and with the instrument recording, the same quantity of TbC1, was introduced to both cells with Single Channel Reconstitution-Reconstitution experiments were carried out following fusion of SR vesicles to a planar bilayer lipid membrane. Bilayers were made with a 5:3 mixture of phosphatidylethanolamine and phosphatidylserine at 50 mg/ml in decane. The bilayer was formed across a 150-pm hole drilled into a polystyrene cup, separating two chambers each of 0.7 ml. SR vesicles (2-4 pg/ml) suspended in a 0.3 M sucrose buffer were added to the cis chamber of the bilayer lipid membrane setup. The cis chamber contained 500 mM CsC1, 80 PM CaCl,, 5 m~ Hepes, pH 7.2, whereas the trans chamber contained 100 mM CsCl, 5 mM Hepes, pH 7.2. Following a single step-like fusion event, the cis chamber was immediately perfused with an identical buffer with no added Ca2+. All current recordings were measured with respect to the trans (ground) side. A Warner Instruments bilayer clamp amplifier (model BC-525A) was used to amplify picoampere currents. Data was filtered a t 1 KHz, processed with a VR-10 digital data recorder (Instratech), stored on VCR tape, and subsequently analyzed for channel activity. Tb3+ or La3+ was added to the cis chamber, and after 2-3 min single channel fluctuations were recorded for at least 2 min.
Ryanodine Receptor Ca2+ Release Channel
Data were digitized with a Scientific Solutions analog to digital converter (Labmaster T"40) without additional filtering and analyzed using a 386 PC computer with pCLAMP (version 5.5;hon Instruments, Burlingame, CA).
RESULTS

Effect of Ca2+ and Trivalent Cations on Ryanodine Binding-
The effects of Ca2+ and the lanthanides La3+, Gd3+, and Tb3+ on ryanodine binding to SR membranes or purified RyR is shown in Fig. 1 . These three lanthanides inhibit the binding of ryanodine to both the membrane bound (Fig. L 4 ) and purified RyR (Fig. 1B) . Half-maximal inhibition (ICgo) with the lanthanides was obtained with 22 and between 30 and 90 VM for the purified and membrane-bound receptor, respectively. The IC, for Ca2+ was 22 and 12 m for the purified receptor and isolated SR , respectively. The different sensitivity between the membrane bound and purified RyR is probably due to the higher amount of phospholipids present in the SR (see Fig. 2 ). In our experimental conditions there is ryanodine binding with no added Ca2+ (about 80% of that in the presence of 50 VM Ca"). This binding is completely inhibited by the addition of EGTA to a final concentration of 70 VM (to bind the Ca2+ contamination). Addition of Tb3+ in the presence of EGTA stimulates ryanodine binding (data not shown). This, however, might be due to the Ca2+ released from the EGTA.Ca2+ complex because of its replacement by Tb3+ (the EGTA binding constant for Tb3+ is 7 orders of magnitude higher than for Ca"). However, in the absence of EGTA, because of the higher affinity of the binding Fig. 2 ). Addition of phospholipids to the RyR increases by about 4-fold the T b 3 + concentration required for 50% inhibition of ryanodine binding (Fig.  2) . At high concentrations, phospholipids prevent completely the inhibition of ryanodine binding by Tb3+ (Fig. 2, inset) . This is because phospholipids also bind Tb3+, which also results in enhanced Tb3+ fluorescence (33) . Since in this study Tb3+ fluorescence is introduced as a sensitive probe of the Ca2+ binding site, it was important to select the phospholipid Concentration that would not interfere with fluorescence measurements but still stimulate ryanodine binding to the purified receptor.
Binding of Tb3' to Purified Ryanodine Receptor as Foliowed by Its Fluorescence-The emission spectra of the purified RyR in the absence and the presence of different concentrations of Tb3+ is shown in Fig. 3 . Excitation of RyR with 295 nm in the presence of T b 3 + at concentrations higher than 5 PM resulted in a concentration-dependent enhancement of the Tb3+ luminescence intensity in the 540-550 nm region with an emission maximum at 543 nm (Fig. 3) . In the presence of Tb3+ (0.1-50 PM), the whole fluorescence emission spectrum of the RyR with a n optimum at 330 nm (characteristic of tryptophanyl residues) is enhanced by up to 8-fold (data not shown). This enhanced fluorescence (measured at 10-fold lower sensitivity than that used for Tb3+ fluorescence measurements) is due to Tb3+ binding to the high-affhity site(s) on the RyR causes an upward shift in the background fluorescence (500-560) observed in Fig. 3 . Control experiments with Tb3+ alone or EGTA added prior to Tb3+ showed that under these conditions no significant signal was observed at 543 nm. In some cases, control experiments with Tb3+ plus phospholipids (at an equivalent amount present in the RyR sample) showed a small signal at 543 nm, which was subtracted from the RyR. nied by a decrease in the tryptophan fluorescence (330 nm), indicating energy transfer from the fluorescing residues of the protein to Tb3+. A titration of the RyR with Tb3+ is illustrated in Fig. 4 . The Tb3+ concentrations required for half-maximal enhanced Tb3+ fluorescence and inhibition of ryanodine binding (IC5,,) were 22.5 k 2.5 PM ( n = 4) and 22.3 2 3.1 PM ( n = 2), respectively. However, the IC,, vanes in different protein preparations as shown in Table I . A typical relationship between this enhanced Tb3+ fluorescence and the inhibition of ryanodine binding by T b 3 + is also shown in Fig. 4 . This correlation suggests that the fluorescent T b 3 + is bound to the inhibitory Tb3+ (Ca") binding site(s).
In order to determine if Tb3+ and Ca2+ compete for the same site on the RyR, we measured Ca2+-induced quenching of Tb3+ luminescence of the Tb3+.RyR complex. As shown in Fig. 5 , a time-dependent partial quenching of Tb3+ luminescence was obtained with a large excess of Ca2+ (Fig. 5 A ) . T b 3 + is replaced by relatively very high concentrations of Ca" (Fig. 5B) . This suggests that RyR has a significant lower affinity for Ca2+ than for Tb3+ as is also observed with most of the Ca2+-binding pro- teins (17) and is in agreement with their relative ability to inhibit ryanodine binding (Fig. 1) . Given multiple classes of low affinity T b 3 + binding sites, which exhibit cooperative interactions (see Fig. 6 ), it is difficult to extract a Kd for Ca2+from the Ca2+ displacement of bound Tb3+ (Fig. 5 ) . Kinetics Parameters for the Tb3+ Binding to the Purified RyR-To our knowledge, kinetic studies on the interaction of divalent cations with the low-affinity binding site of the purified RyR has not been carried out previously. Thus, the enhanced Tb3+ fluorescence upon its binding to the purified RyR could be used to determine the association and dissociation constants for the complex. The enhancement in the Tb3+ fluorescence intensity is very fast and was completed within the mixing time of the procedure ( 4 s), indicating on an estimated rate constant Kl higher than 5 x lo5 M".min".
An estimate of the dissociation constant for T b 3 + was obtained by the addition of EGTA (Fig. 6) to the Tb3+.RyR complex. This leads to a rapid, followed by a slower, decrease in fluorescence emission (Fig. 6) . The EGTA-induced decrease in the Tb3+ fluorescence appeared to fit a dissociation process with three different rate constants (K-l,l = 361 r 250 min" ( n = 6); K-1,2 = 0.45 e 0.22 min" ( n . = 11); K-l;3 = 0.011 2 0.013 min" ( n = 7) and three corresponding amplitudes (A, = 33 r 9.1 ( n = 6); A, = 38 2 11.5 ( n . = 11); A, = 24.5 2 8.6 ( n = ll), values indicate percent of the initial value). The results suggest that about 25% of the bound Tb3+ is not accessible to EGTA, due to its slow dissociation from its binding site(s). An attractive interpretation of these results is that part of the Tb3+ is bound to the protein in an "occluded form and that two other classes of low affinity Tb3+ binding sites are found on the RyR.
The Irreversible Interaction of Tb3+ with the RyR- Fig. 7A shows that preincubation of the RyR with T b 3 + followed by a 5-fold dilution of the samples results in greater inhibition of ryanodine binding compared with that obtained with identical Tb3+ concentration without preincubation. Moreover, addition of EGTA to the RyR that preincubated with Tb3+ did not eliminate the inhibition of ryanodine binding, whereas no inhibition was observed if the RyR was preincubated with both EGTA and Tb3+ (Fig. 7B 1 . Preincubation of RyR with Tb3+ resulted in about 39% inhibition of ryanodine binding regardless of the Tb3+ concentration in the preincubation (Fig. 7B) . This inhibition is due to a decrease in the number of binding sites (Bmm, from 114 to A B I S EGTA at zero time In parallel experiments Tb3+ was added to control tration in the absence and in the presence of an identical EGTA concentration. After 10 min, EGTA was added to the samples incubated with T b 3 + alone. Thus control and Tb3+-preincubated samples contained between 0.06 and 0.1 p~ free Tb3+ during the ryanodine binding assay. C, a similar protocol to that used in A was followed except that samples were preincubated with the indicated concentration of Ca2+ instead of Tb3+. This is a representative experiment from a total of three. Control activities (100%) were: 80, 89, and 69 pmoVmg for A, B , and C , respectively. The average percentage error in ryanodine binding measurements is 2-6%.
I Ca2+
Release Channel 76 pmol/mg) with no effect on the ryanodine binding affinity (K, = 3.1 2 0.1 nM Tb3+). These results suggest that the effect of T b 3 + on ryanodine binding is not completely reversible, probably due to "occlusion" of part of the bound Tb3+. This results in elimination of ryanodine binding sites, probably due to channel closure (see Fig. 8 ). A similar dilution experiment was also carried out with ea2+ (Fig. 7C) . Preincubation of the RyR with Ca2+ followed by a 5-fold dilution results in inhibition of ryanodine binding compared with control experiments carried out with identical Ca2+ concentration in the assay buffer.
Another approach to test the formation of "occluded" Tb3+ is to incubate the protein with Tb3+ and to follow its subsequent release from the protein. Table I1 shows that the Tb3+.RyR complex passed through a Sephadex-G-50 column (34) still retains 26 f 4% (n = 3) of the original Tb3+ fluorescence. "Following 10-min incubation of RyR with Tb3+ (30-70 p~) , then EGTA was added to the same final T b 3 + concentration and ryanodine binding was assayed. This was compared with ryanodine binding of RyR incubated with both Tb3+ and EGTA (see Fig. 7B ).
* RyR was incubated with T b 3 + (15-120 w) and the relative T b 3 + fluorescence was measured. EGTA (2-fold excess) was then added, and 10 min later the Tb3+ fluorescence was measured again (see Fig. 6 ). The relative Tb3+ fluorescence is presented.
e RyR was incubated with Tb3+ (30-40 PM) as in Fig. 3 , and the fluorescence intensity was measured. The samples were then passed through Sephadex-G-50 (34) and the A F 5 4 3 was measured again. The number indicates the Tb3+ fluorescence as percent of the original fluorescence before passing the samples through Sephadex G-50 column.
the bound Tb3+ results in inhibition of ryanodine binding by about 40%. These observations suggest that the binding of Tb3+ (or Ca") to the low-affinity site of the RyR induces conformational changes during which T b 3 + or Ca2+ is occluded. In this conformation the channel is closed (see Fig. 8 ) and ryanodine binding is inhibited.
Single ChanneZ Measurements-The effects of lanthanides on the Ca2+ release channel is demonstrated in Fig. 8 . Following fusion of a n SR vesicle to a planar bilayer lipid membrane, the channel was first activated by addition of 1.0 p~ Tb3+ and then subsequently inhibited by increasing the T b 3 + concentration up to 4 VM (Fig. SA, traces A-E) . Addition of 100 VM Ca2+ did not reactivate the Tb3+-inhibited channel, nor did perfusion of the cis chamber with 5 volumes of a buffer containing no added Tb3+ (Fig. SA, traces F and G) . Subsequent addition of Ca2+, T b 3 + , and 1 mM ATP (not shown) also were ineffective in further modifying channel gating (Fig. SA, traces H and I ) . The inactivation of the calcium release channel induced by T b 3 + appeared to be irreversible. The data shown were representative of three independent bilayer experiments in which Tb3+ activated a quiescent Ca2+ channel, four bilayers in which Tb3+ inactivated a Ca2+ channel previously activated by 100 p Ca2+, and seven independent bilayers in which both activation and inactivation of channel activity by Tb3+ were observed. In four of these seven experiments, the bilayer was reperfused following inactivation by Tb3+, and no reactivation by 100 p~ ea2+ was observed. At concentrations of either Tb3+ or La3+ greater than 5 p~, bilayers became unstable and broke.
The conductance of Tb3+-activated channel displayed in Fig.  8A was identical to the channel when activated by micromolar Ca2+ (data not shown). Ruthenium red (5 p~) completely closed down the Tb3+-activated fluctuations (not shown). As demonstrated in Fig. 8B , the Ca2+ release channel was modulated in a similar manner by both Tb3+ and La3+. The channel opened with T b 3 + remained open for a longer period of time than when stimulated by Ca2+. There was a higher density in the open dwell time in the range of 5-10 ms for the channels activated by 1 or 2 T b 3 + than for channels activated by 50 or 100 p Ca2+. Also, the open time constants for Tb3+-activated channels were approximately three times larger than for Ca2+-activated channels (data not shown).
DISCUSSION
The initial studies of the role of Ca2+ in the RyR/Ca2+ release channel activities were based on indirect methods, mainly the examination of ea2+ dependence of Ca2" release, single channel activity, and ryanodine binding. In the present work, we demonstrate that the enhanced fluorescence of Tb3+ bound to the RyR can be used as intrinsic reporter groups for its interaction with the RyR, a property which allowed a direct approach to the low-affinity Ca2+ binding site(s).
RyWCa2+ release channel, like many other proteins, i s able to specifically bind T b 3 + and other lanthanides. At low concentrations (1-2 PM), Tb3+ is bound to the high-affinity sit&), activates Ca2* channel activity, and enhances ryanodine binding with no enhancement in Tb3+ fluorescence. At T b 3 + concentration above 2 p~, T b 3 + binds to the low-affinity Ca2+ binding sites of the RyR and inactivates the Ca2+ release channel, which results in an inhibition of ryanodine binding and an enhanced T b 3 + fluorescence, due to energy transfer from a tryptophan side chain. The quenching of Tb" luminescence by an excess of Ca2+ suggests that both ions compete for the same site.
Binding parameters for the low-affinity Ca" binding sites have been derived directly for the first time, using Tb3+ fluorescence as a reflector of its binding. The Hill coefficient (n, = 2.4 -c 0.16, n = 5) for Tb3+ binding as reflected in its enhanced fluorescence or inhibition of ryanodine binding, indicates a highly cooperative binding mechanism and suggests the binding of two or more nonequivalent Tb3+ per mol of protein. This suggestion is further supported by the observation that bound T b 3 + dissociated from its binding sites with three different rate constants (Fig. 6 ) and by the observation that bound Tb3+ or CaZ+ is only partially released (Figs. 6 and 7 and Table 11 ). A similar Hill coefficient (n, = 2.0, Ref. 35) was obtained for Ca" inhibition of Ca2' release.
The bound Tb3+ can be only partially released from its binding site(s) by EGTA (Fig. 6) , by dilution (Fig. 7) , by chromatography (Table 111 , and by perfusion of single channels (Fig. 8 ). An attractive interpretation of these results is that part of Tb3+ is bound to the protein in an occluded form. This suggests that the binding of Tb'+ to the protein induces conformational changes during which part of the bound Tb3+ becomes occluded. In this conformation, the channel is closed, and ryanodine binding is inhibited. If the total enhanced Tb"' fluorescence reflects the binding of T b 3 + to four sites at one or at the four RyR subunits, then the remaining 25% of the total Tb3+ fluorescence following the removal of free Tb3+ (Table I1 and Figs. 6 and 7) may reflect the occlusion of Tb3+ within only one site on one of the receptor subunits. If such occlusion takes place under physiological conditions then it must be a transient process, which occurs following channel opening and the flow of Ca2+ through it.
